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ABSTRACT 

Previous Studies have shown that in vivo treatment with anti in- 
terferon' y (anti-IFNy) monoclonal antibodies (mAbfO prevents the 
development of autoimmune diabetes In NOD mice. Although these 
findings anticipate that specific ajntMFNy therapies may be useful for 
the prevention/treatment of human jnsulin-rlepeodent diabetes mel- 
lima, there are several reasons why the use of anti-lFNymAb may be 
difficult in the clinical setting. With the aim to develop alternative 
forms of specific auti-IFNy therapies, we recently produced a non* 
immunogenic form of the soluble IFN7 receptor telFNyR) that binds 
and n en trails murine IFNv with an affinity higher than that of 
anti-IFNy mAb. In this Study we compared the efficacy of SIFK7B to 
that of two antUIFNv mAbs (XMG 1.2 and A>MS) in the prevention 
of spontaneous and accelerated (cyclophoEiphazntde-induced) forms of 
autoimmune diabetes in NOD mice. The reaultH show that in the 



spontaneous model, alFNyR could prevent histological and clinical 
signs of autoimmune diabetes as efficiently as the two mAbs. Under 
ex vivo conditions, sJFN-yft exhibited a more powerful modulatory 
effect than XMG1.2 mAb on cytokine secretion from splenic lymphoid 
cells, which resulted in a significant reduction of Concanavalin A-in- 
dueed IL-2 secretion and an augmented release of both unstimulated 
and lipopolyseccharide-f nduced 1L-6. Moreover, although both mAbs 
vrere immunogenic and elicited formation of high titers of anti-rat 
IgG, SIFN7R did not induce antibody formation. Unexpectedly, in the 
cyclophosphamide-induced model, sIFNyR turned out to be less ef» 
fective than either of the two antiJFNy mAbs. Taken together, these 
data support the role of IPN7 in the pathogenesis of NOD mice, but, 
more importantly, suggest that a nonimmunogenic approach is pos- 
sible to the diminution of the effects of IFNy in this model. (Endo- 
crinology 187: 5567-5575, 1996) 



INTERFERON-? (IFN7) is a cytokine produced by T lym- 
phocytes and natural Hller cells tha t exhibits pleiotropic 
effects on the immune system (see Ref . 1 for review). Several 
lines of evidence suggest that IFN-y may favor both systemic 
and organ-specific autoimmune diseases such as systemic 
lupus erythematosus (SLE), rheumatoid arthritis, multiple 
sclerosis, autoimmune thyroid diseases, and type 1 diabetes 
[insulin-dependent diabetes mellitus (IDDM), autoimmune 
diabetes]) (see Refs. 1-3 for reviews). In particular, the ob- 
servation that anti-IFNv monoclonal antibodies (mAbs) pre- 
vent the development of hyperglycemia in animal models of 
IDDM such as the NOD mouse (4-6), the BB rat (7), and the 
mouse made diabetic with mullipje doses of streptozotodn 
(8) anticipates that blockade of endogenous IFN? with spe- 
cific antagonists may also e*ert beneficial effects in human 
IDDM, 

To date, in experimental studies conducted in animal mod- 
els of inununoulflammatory diseases, IFN7 bioacth/ity has 
primarily been inhibited by treatment with mAbs directed 
against the cytokine or its receptor. However, specific anti- 
IFNy therapy with mAbs may not be easily feasible in the 
clinical setting. As observed in transplantation studies with 
01CT3 mAb, the heterologous origin of the protein often 
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elicits a humoral immune response consisting of antixeno- 
typic and antiidiotype antibodies capable of reducing the 
bioactivity of the mAb (9, 10). Attempts to diminish the 
immunogenieity of mAbs in humans by creating chimeric 
(mouse-human) or fully humanized mAbs have in some 
cases been unsuccessful, as these mAbs may still induce the 
production of both neutralizing and antiidiotype antibodies 
(11, 12). Theoretically, the prolonged treatment with mAb 
can also lead to immune complex formation, the deposition 
of which may further enhance local and systemic immu- 
noinflammatory reactions through activation of the comple- 
ment pathway. 

As IFNyacts through binding to specific receptors (IfN-yR) 
expressed on the surface of the target cells, an aJternative 
form of specific anti-IFNy therapy may consist of adminis- 
tering a soluble form of the IFN7R This would neutralize the 
endogenous IFN7,. thus abrogating its immunomodulatory 
effects. For this purpose, we recently produced and charac- 
terized a soluble form of the mouse IFNyR (sIFNyR) that is 
not immunogenic, is capable of neutralizing murine IFN7 
bioactivity in vitro and in vivo, has an affinity higher than that 
of anti-lFNy mAbs (13, 14), and prevents SLE-iike syndrome 
in the (NZB*N2;W)F1 mouse (15)- Importantly, even during 
prolonged (14 days) administration, sIFNyR does not induce 
antibody formation in BALB/c mice with doses up to 100 
Pg/day (14). 



5567 

Downloaded from endo.ondcgournal6.org on September 13, 2005 



PAGE 21137 ' RCVDAT 9/1412005 2:33:03 PM [Eastern DayOght Time] • SVR;USPTO-EFXRF-6/25* DNISOTOO 1 CSID:7183578615 • DURATION (mnKS):1644 



09/14/2005 14:26 7183578615 



LAW OFFICE OF ALBERT 



PAGE 22/37 



5568 EFFECTS OF sIFNyR ON DEVELOPMENT OF IDDM ^BgJ- yaw 



In this study we evaluated the effects of prolonged pro- 
phylactic treatment with sIFN-yR on the development of 
spontaneous and accelerated [cyclophosphamide (CYHn- 
riunRd] forrn* of autoimmune diabetes in NOD mice, and the 
results were compared with those obtained using either of 
the two rat anrimouse (FNy mAbs, XMG 12 and AN* 18, The 
data demonstrate that prophylaxis with sIFNyR is as effec- 
tive as either of the two anti-IFNy mAbs in preventing spon- 
taneous, but not CY-induced diabetogenesis in NOD mice. 
Moreover, although both XMG1.2 and AN-18 provoked the 
formation of antirat IgG upon prolonged (8 weeks) treat- 
ment, no significant rise in the serum titer of anti-sIFN-yR 
antibody was observable in NOD mice treated for the same 
time with sIFN-yR. 

Materials and Methods 

Mice 

Female NOD/ Lt mice were provided by Jackson Laboratories (Bar 
Harbor ME). The mice were kept under standard laboratory conditions 
(nonspecific pathogen free) with free access to food and water and were 
cared for according to the guidelines of the local committee for animal 
research. They were allowed to adapt for at least 1 week to their envi- 
ronment before commencing the experiment Mice were defined as 
diabetic on the basis of 2 consecutive days of glycosuria (Tes-tape, E3i 
Lilly Co., Indianapolis, IN), followed by fasting glyccmia above 210 
mg/dl. Under these experimental conditions* 60-75% Of female 
NOD/Lt mice develop diabetes between 12n35 weeks of age. 

Anti-IFNy mAbs 

The XMG 1.2 mAb is a rat IgGl anti-mouse IFNy <16); its neutralizing 
titer was 10 U mouse 1 FN 7/4 ng protein as assessed on L929 cells. The 
rat mAb AN-18 is an IgC2a anti-mouse tPNy previously produced and 
Characterized by Prat and colleagues (17). The antibody neutralizes the 
antiviral activity of both natural and recombinant mouse UNy, but does 
not react with murine IFNct or -0. The neutralizing titer 0/ the AN-1S 
mAb was 10 U mouse IFNy/ 12 ng protein, as assessed using L929 cells. 

Murine ftOT/yJ? 

The extracellular domain of the mouse IFNyR (sIFNyR) was ex- 
pressed in Sf9 insect cells infected with recombinant baculoviruses. The 
R was expressed, purified, and biochemically characterized, as de- 
scribed previously (14. 18}. 

Protein and chemicals 

Control rat IgG, Concanavalin A (Con A), and I rpopory saccharide 
(LPS) were obtained from Sigma Chemical Co. (St Louis, MO). CY was 
provided by Schering-Plough (Milan, Italy). 

Experimental design 

Spuntrnitcus IDDM. Euglyoemic female NOD, randomly allocated into 
different groups, received either anti-IFNy mAbs or sfFNyR starting at 
the 4th or the 16th week of age. Because insutitis is absent in 4- week-old 
NOD mice and is actively ongoing in virtually all animals by the age of 
16 weeks (X9l this experimental approach allowed us to investigate the 
role of endogenous flPNy in both afferent and efferent phases of the 
diabetogenic process in the NOD mouse. 

For the early prophylactic treatment, four groups of 4- week-old fe- 
male euglyoemic NOD mice were created that were treated with PBS 
(group A), irrelevant rat IgG (group B), XMCl^ (group C), AN- 13 (D), 
or sIFNyR, (group E) according to the dose* and tr e atme nt schedule 
described in Fig. I. Irrelevant rat tgC were used as controls for either 
XMC 1.2 or AN-18 mAbs, and PBS was used as the control for SIFNyR. 
Although PBS has been previously employed by ourselves and Others 
as a c o ntro l for soluble cytokine receptors when these reagents were 
used in various models of autoimmune diseases (20 -22V it la worth 



mentioning that PBS does not provide a suitable control for the Soluble 
receptor, which should, instead consist of fragments of the receptor that 
do 110! <o bind the cytokine in vitro or in vivo. Because these fragments 
are not yet available tor sJFNyR, we derided to use TOS as control for 
sIFNylL 

After 9 weeks Of continuous treatmpntv the mire were killed, arid their 
pancreata specimens were collected and examined for the prevalence 
and severity of insulins. Mice becoming diabetic before this age were 
killed and not included in the histological examination. 

Moreover, to evaluate liar uffctls of these ITN r inhibitors on the 
cytokine secretory capacity of NOD mice, spleens were collected at death 
from individual mice from groups B, C, and E; passed through a sterile 
sieve; and suspended in Hanks' Balanced Salt Solution (HBSS). Splenic 
lymphoid cells (SLQ. obtained and cultured for 4& h at 37 C with 5% 
CO a , as described previously (23), were either unstimulated or stimu- 
lated with Con A or LPS. At the end of the culture period, the cells were 
centrifuged, and the supernatant collected was aliquoted at -20 C until 
assayed for the content of interleu Wn-2 (IL-2X IL-4, IL-6, IL-10, IFNy, and 
tumor necrosis factor-a (TNFor). These cytokines were measured using 
specific mouse-specific solid phase enzyme-linked immunosorbent as- 
say (ELISAX purchased by Biosource (Camarillo, CAX for IL-2, IL*4 IL-6, 
IL-10, and IFNy and Endogen (Boston, MA) for TNFo\ Undiluted or 
2-fold (IL-6) dLluted supematants were run in duplicate and assayed 
following the manufacturers' instructions- The limits of sensitivity of the 
assays were 13 pg/ml for IL-2, 5 pg/ml for IL-4, 8 Pg/ml for IL-6, 13 
pg/ml for IL-10, 1 pg/ml for IFNy, and 15 pg/ml (or TNP-o. 

For the late prophylactic treatment, 16-week-old eugrycemic female 
NOD mice were divided into 5 groups (F, G, H, t and J>and treated with 
PBS (F), irrelevant rat IgG (G^ *MG 1.2 (H), AN-18 (I), or sIFNyR (J) 
according to the experimental protocol shown in Table 1. Mice were 
screened for diabetes once a week. The mice from groups F, G, and H 
were killed either at the onset of diabetes or at the end of the experiment 
(24 weeks of age), and their pancreata specimens were collected for 
histological, analysis. Diabetic mice from groups I and J were also killed 
at the onset of the disease; in contrast only 4 of 9 and 7 of 17 of the 
remaining euglycemie animals from the sIFNyR- and AN-18-treated 
groups were Wiled at the end of the study for histological examination 
of the 0-ceHs» and their. SLC were used for the IDDM transfer experiment 
(see after). After treatment withdrawal, the remaining eugrycemic mice 
were kept for a 3-month follow-up period to determine whether s IFNyR 
or AN-1$ prophylaxis afforded temporary or permanent protection from 
the disease. 

CY-induced XDDM. Another set of experiments was performed to eval- 
uate the effects of sIFNyR on the accelerated model of diabetes that Can 
be provoked in NOD mice with CY. For this purpose/ seven groups of 
100- to 120-day-old female NOD mice were studied; the animals were 
injected with CY and treated according to the experiment*] design 
shown in table 2. Mice were screened for the development of diabetes 
on days 14 and 15 after CY challenge. On day 15, all mice from these 
groups were killed, and their pancreata specimens were analyzed to 
evaluate the extent and severity of the insulin's process. 

tDDM transfer studies. Finally, we wondered whether prolonged pro- 
phylactic treatment of spontaneously diabetes- prone NOD mice with 
sIFNyR or anti-IFNy AN-18 mAb prevented TDDM through generation 
of suppressor cells. To prove this, we used the accelerated form of 
. diabetes inducible in newborn NOD mice by transferring splenic Iynv 
phoid cells from acutely diabetic NOD mice (24). In this study, newborn 
NOT mice were preinjected 1 v with splenic lymphoid cells (3 x 10 7 ) from 
eugrycemic sBPNy-rreatcd NOO mice 12 n before the iv injection of 
spleen cells (3 x 10 7 ) from acutely diabetic female NOD mice. Two 
control groups were considered. One consisted of newborn NOD mice 
preinjected under the same exp erim e nta l conditions with splenic lym- 
phoid cells from 19*week-old eugrycemic, PBS- treated, female NOD 
mice before transfer of spleen cells from acutely diabetic mice; in the 
other control group, newborn mice received only splenic lymphoid cells 
from acutely diabetic female NOD mice. 

Measurement of humoral immune response to sIFNyR 

The occurrence of ami-sIFNyR antibody was evaluated by solid phase 
EUSA as described previously (25). Microti ter plates were coated with 
©IFNyR In PBS. Different dilutions of serum samples from individual 



Downloaded from encto. endojoumals.org on September 13. 2005 



PAGE 22/37 ' RCVDAT 9/1412005 2:33:03 PM [Eastern Daylight rone] 1 SVR:USPTO-EFXRF-6/25 • DNIS:2738300 * C$10:7183578615 ' DURATION (mm-s$):1644 



09/14/2005 14:26 



7183578615 



LAW OFFICE OF ALBERT 



PAGE 23/37 



EFFECTS OF sIFN 7 R ON DEVELOPMENT OF IDDM 



6569 




FlG- 1- Protection from Insulitis development in NOD mice by early prophylactic treatment with XMG 1.2 and AN-J.8 anti-IFNy mAbs or 
slFNyR. Eiiglycaemf c 4-wcck-old female NOD received for 9 consecutive weeks mouse antMFNy mAba, XMGi.2 (group C; 100 twice a week, 
ip) or AN- 18 (group D: 250 w*, twice a weak, ip), or oIFNyR (group E; 250 ug/day, six times a week* ip>. Control mice were treated with either 
PBS (group A 200 pi, 6 times a week, ip) or irrelevant rat IgG (stomp B; 260 ^g, twice a week, ip). At 13 weeks of age, the mice ware killed, 
and pancreata specimens were collected for histological analysis. For statistical analysis, group E waa compared to group A, and groups C and 
D were compared to group A. Each group contained eight mice. Data are the mean ± 8J>. 



mice treated with either stFNyR or PBS were incubated for 2 h at room 
temperature. After extensive washing, a 1:1500 dilution of an alkaline- 
phosphatase-conjugated sheep antimouse lg was used as the second step 
reagent. 

Measurement of the immune responses to XMQ12 and AN- 
28 mAb* 

The formation of murine antibodies to XMG 1.2 and AN-ld whs 
studied by a solid phase ELISA previously described by Williams ti aL 
(26). In brief, micro titer plates, coated for 1 h at room temperature with 
5 /ig/ ml of either XMG L2 or AN- 18, were blocked and then incubated 
with serially dilated sera. After washing, horseradish peToxidase-COn- 
jugated goat antimouse IgG was used as the second antibody at a 1 :3000 
dilution in 2% bovine gamma globulin (BGG) and 1% BSA (75 / well) 
and kept at room temperature for 1 h. After washing, the colorlmetrical 
reaction was developed by adding c-phenylenediarnjoe in PBS tor 10 
min. Readings were performed at 490 nm (lite rtek. Flow ubs, Rockville, 
MD) after stoppin g the reaction with 2 n H^SO* Results are expressed 
as mean OD values. 

Measurement of unbound XMG 1-2 mAb 

Microti ter plates were coated with recombinant murine EFNy (10 
pg/ml), blocked, and then incubated with test sera. Goat anrirat IgG- 
alkalme phosphatase conjugate was added, followed by substrate ad- 
dition. Quantitation was obtained by reference to a sample of a known 
concentration of XMG 12, Results are expressed (micrograms per ml) as 
the mean (2: so) unbound XMG X-2- 



Hi&tofagicaJ examination of pancreatic islets 

Histological examination of pancreatic islets was performed in a blind 
fashion by 2 pathologists unaware of the status and / or the treatment of 
the animals, as described previously (27). At least 10 islets were counted 
for each pancreas. The degree of mononuclear cell in filtration was 
graded as follows: 0>. no infiltrate; 1, periducrular Infiltrate; 2, perKsJet 
infiltrate; 3, intrajstet infiltrate; and 4, intralslet Infiltrate associated with 
0-cett destruction. The mean score for each pancreas was calculated by 
dMding me total score by the numbers of islets examined. 

Statistics 

Results are expressed as the mean ± so. Data were analyzed using 
ANOVA. In situations considered significant, as appropriate, the post- 
hue least significance difference was used to determine when? pa in vise 
differences existed. The incidence of diabetes among different groups 
was tested for significance using the j* 2 test with Yates' correction. P < 
0-05 was considered significant. 

Results 

Spontaneous WDM 

Upon early prophylactic treatment, slFNyR prevents insulilis de- 
velopment in NOD mice even more efficiently than XMG 1.2 
pnti-tFNy mAb, and it exerts more powerful immunomodulatory 
effects on cytokine secretion than XMG 1J2 mAb. 
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TABLE 1- Experimental degiRn and effects of prophylactic 
treatment with PBS, rat Tg<J f AN* 18 or XMG 1.2 anti-IFN? mAb, 
and m bIFN>B on the development of spontaneous diabetes ond 
inmilitis in NOD mice 



TABLE % Experimental design and effects of the treatment with 
PBS. rat l$G, AN-lfi or XMG 1.2 anU-JFN? mAb, and m 9IFN7R 
on the development of CY-induced diabetes and 1 nsulitis in NOD 
mice 





Nu. ur 


TreaUm'iit 


tliidmUa* Incidence 

t%) 


scores 




20 


PBS 


14/20 (70> 


2.9 ± 0.8 




TA 


Rut Ifttf <200) 


l3/l$<?2-2> 


3.1 -L 0.7 


H 


2\ 


*MG 1.2 (200) 


#21 {UMr 


a,<* -L 0.9 


I 


21 


AN-18 (500) 


421 (19V 


+ 0.8 


J 


11 


mlFN^R (100) 


2/ll(18.2r 


2.9 0.6 



Sixteen-week-old eu^yoamic female NOD mice were treated for 8 
consecutive weeks with two injections per week of rat IgG, AN- 13, or 
XMG 1.2 or with three injections of PBS or alFN>IL All treatment* 
were given ip. For statistical analysis, groups H and I are compared 
to group F, and group J is compared to group P. Insulitis scores axe 
shown as the mean 2 SD. Significance was determined by f test with 
Yates* correction. 

• P < 0.0008 group G. 

k P < 0,002 irs. group Q. 

r P < 0.02 uw. group F. 

As expected, clear signs of early insulitis with peri-Lntrais- 
let infiltration of die 0-cells were observed at the age of 13 
weeks in most control NOD mice treated with either PBS or 
irrelevant rat IgG (Fig. 1). In contrast although the incidence 
of insulitis in the mice treated with XMG 12, or 
9JFN7R was not different from that observed in control mice 
(data not shown), the process was significantly milder in the 
mice that received either of the two anti-IFNy mAbs and to 
an even greater extent in those treated with sIFNyR (Fig. t). 

Along with the development of spontaneous diabetes, 
NOD mice also exhibit an altered pattern of cytokine pro- 
duction in vitro, which might be implicated in the pathogen- 
esis of the disease, with augmented secretion of IFNy and 
decreased release of IL-2, IL-4, and TNF-cr (see Ref. 28 for a 
review). Thus, we wondered whether the antidiabetogenic 
action of the IFNy inhibitors could be related to a change in 
the cytokine secretory capacity of NOD mice. 

As previously observed for the histological analysis, 
sIFNyR exhibited a more powerful modulatory effect than 
XMG1-2 mAb on cytokine secretion, which resulted in a 
significant reduction of Con A-induced IL-2 secretion and an 
augmented release of both unstimulated and LFS-mduced 
IL-6, Hence, when Con A-induced, T cell-derived cytokines 
were considered, the only significant effect we noticed was 
the marked reduction of IL-2 secretion in the mice treated 
with sIFNyR compared to the FBS-treated control group (Fig. 
2). A trend toward decreased release of TL-2 was also ob- 
served in the mice 1 treated with XMG 1.2 mAb, but the effect 
was not statistically significant (Fig. 2). No significant change 
was observed among the three groups considered in the Con 
A-induced secretion of IFN7 and IL-6 (Figs. 2 and 3). Con 
A-induced IL-4 and IL-10 secretion was always below the 
limit of sensitivit^ of the assays. In the same manner, un- 
stimulated superriatants contained no detectable amounts of 
IL-2, IL-4, IL-10, atnd tFNy. 

On the other hakd, when LPS-mduced, and thus primarily 
macrophage- and B lymphocyte-derived, cytokines were 
measured, we found that SLC obtained from both XMG 1.2- 
and sIFNyR-fcreafed groups secreted significantly larger 
amounts of IL-6 than those obtained from the PBS- treated 



Grow 


No, of 


Treatment 


ttirtbbtw ineidonce 


Inauliili 






VJLi 




K 


19 


PBS 


13/19(88.4) 


3.2 ±0.0 


L 


19 


noL irgu) 


G/13 (46,1) 


3.1 r 0.6 


M 


JL8 


XMG 1.2(1) 


i/ie (e.sr 


'AM * 0 « 


N 


13 


AN-1B (0.51 


5/13(38-4) 


2.9 ± 0.8 


O 


20 


AN-18 CM) 


2/21 <9.6V> 


2.7 * 0.9 


P 


13 


mBlFN7R(0>25> 


4/13(30.7) 


2.7 ± 0.8 


Q 


9 


m bEFNtR (0.4) 


5/9 (55-8) 


2.6 ± 0.6 



One hundred to 120 old emgty«*emie female NOD mice were chal- 
lenged with CY (300 mgfag) ot> day 0, Treatment was tfven daily from 
days -2 to 13 in groups K and P and on alternate days In group Q; 
the mice from the other groups were treated on days -2, 3. 6, and 9. 
All injections were given ip. For statistical analysts, groups P and Q 
are compared to group K, and groups M» N, and O are compared to 
group L. Insulitis score* are shown as the mean ± SD. Significance was 
determined by chMquare with Yates' correction, 

• P < 0.03. 

*P<0.04. 



control group. Here again, the effect was more evident for 
sIFNyR, which, unlike XMG1-2, could significantly increase 
the spontaneous release of IL~6 compared to that in PBS- 
treated controls (Fig. 3). No effects of either XMG 1.2 or 
sIFN yR on the Con A- or LPS-induced secretion of IL40 and 
TNF-a could be determined, because the contents of these 
cytokines in cell supernatants were in each case below the 
limit of sensitivity of the assay we used. This was confirmed 
using two different ELISA kits for each cytokine (Biosource 
and Endogen; data not shown). 

Late prophylactic treatment with sIFNyR is as effective as XMG 
12 anti-IFNy mAbs in preventing IDDM development in NOV 
mice. As expected, IDDM developed in the majority of the 
NOD mice that had been treated with either PBS or irrelevant 
rat IgG for 8 consecu Hve weeks and served as control groups. 
In contrast the incidence of the disease was substantially 
reduced in the three groups of mice treated with sIFNyR, 
XMG 1.2, or AN-18 (Table 1). However, at least for sfFNyR 
and AN-18, continuous administration seemed to be neces- 
sary for the antidiabetogenic effect to be maintained. Thus, 
animals from these 2 groups developed IDDM with similar 
incidence and comparable kinetics after treatment with- 
drawal with 3 of 5 and 5 of 10 of the mice that had been 
treated with sIFNyR or AN-18, respectively, becoming hy- 
perglycemic between the 5th and 10th weeks of the follow-up 
period* 

A severe insulitis process also occurred in the two control 
groups of NOD mice regardless of their clinical status (Table 
1 and data not shown). In contrast to the high efficiency with 
which each of the three IFNy inhibitors blocked the clinical 
outcome of diabetes, neither of them offered dear protection 
from the development of insulitis. 5o, although NOD mice 
treated with XMG 12, or AN-18 exhibited a trend toward less 
severe insulitis compared to both PBS- and rat IgG- treated 
control mice, the difference was not statistically significant 
(Table 1). 
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Fig. 2. Ex vivo effects of XMG 1.2 anti-IFNy mAbt? and sIFNyR on Con A-induced seeretioo ofIL-2 and IFN>. After 9 weeXs of continuous 
treatroent with irrelevant Tat tgG f group B«. XMG1*2 anti-rFNy mAb f group C>. or sIFXyR f group Ei. etiglvcemic NOD mice were killed, and 
individual spleens were collected. Splenic lymphoid cells were cultured for 48 h at 3? C in S 1 * CO* in the presence of Con A (4 j*g>. The cytokine 
content of each culture supernatant was determined by ELISA. For statistical analyst, each group wqs compared lo group B. Date are shown 
as the mean i SD. 



CY-induced IDDM 

Both XMG 12 and AM-18 auMPXy mAbs, but not sIFNyR, 
suppress CY-induced diabetes in NOD mice. An accelerated 
form of autoimmune diabetes may be provoked in NOD mice 
by injecting them with one or two large doses (200-350 
mg/ kg daily) of CY at 100-120 days of age. CY seems to act 
by inhibiting suppressor cell function (29-3.1), thus allowing 
autoreactive cells to cause complete /3-cell destruction and 
diabetes within 14-28 days after the first challenge. IFNy 
plays a central pathogenic role in this model (4, 5), and its 
release seems to occur in a more vigorous and abundant 
fashion than in the spontaneous form, as judged by ex viw 
studies in which £-cells infiltrating lymphocytes secrete 
IFNy shortly after CY challenge (4). The requirement for 
much larger doses of an ti- IFNy mAbs necessary for the pre- 
vention of CY-induced diabetes compared to spontaneous 
diabetes (4-6) (see below) further substantiates this exper- 
imental observation. 

In our study, the majority of control NOD mice treated 
with either PBS or rat IgG have developed an acute form of 
[DDM with glycosuria, hyperglycemia, and severe insu litis 
within 15 days after challenge with CY (Table 2). In contrast 
confirming previous results (4, 5), treatment with anti-IFNy 
mAb XMG 1.2 or AN-16 significantly suppressed the devel- 
opment of diabetes (Table 2). The dose dependency of the 
phenomenon for AN-16 was investigated, and the results 
showed that its preventive action is clearly dose dependent, 
with the effect achieving statistical significance at the highest 
doses. 



Unexpectedly, in contrast to the results obtained in the 
spontaneous model, the anlidiabetogenic action of sIFiMyRin 
the CY-induced form of diabetes was weaker than that af- 
forded by either XMG 1.2 or AN-18 anti-IFNy mAbs. Thus, 
although a trend toward reduced incidence of diabetes vs. 
PBS-treated controls was noticed in the two groups of mice 
treated with sIFNyR, with the effect being more evident 
when sIFNyR was administered daily at the dose of 0-25 
mg/ mouse from 2 days before until 13 days after CY chal- 
lenge (Table 2), the phenomenon was not statistically sig- 
nificant; possibly because of the smaller size of the experi- 
mental groups compared to that of the control group (Table 
2). 

Finally, neither the anti-IFNy mAbs nor sIFNyR dimin- 
ished the insu litis process in CY-challenged NOD mice, 
whose insu litis score was only slightly, not significantly, 
milder than that in PBS-treated controls (Table 2). No sig- 
nificant difference could be found in the insulitis score be- 
tween CY-challenged NOD mice that did or did not develop* 
IDDM (data not shown). 

IDDM transfer studies: blockade of endogenous If Ny with specific 
inhibitors does not protect NOD mice from diabetes dmlopmcnt 
through generation of suppressor celts. By 45 days after the 
injection of spleen cells from acutely diabetic NOD mice, an 
acute form of IDDM occurred in six of six newborn NOD 
mice; a trend toward a reduced incidence of the disease was 
observed in the group of mice preinjected with spleen cells 
from sIFNyR-treated NOD mice, only three of five of which 
became diabetic. However, the effect did not depend on the 
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FlG. 3. Ex vivo effects of XMG 1.2 anti*IFN> mAbs and sIFNyR on spontaneous, LPS-induced> and Con A- induced secretion of" JU6. After 9 
week© of continuous treatment with irrelevant ral IgG ( group B).XMG1.2 onU-IFNymAb (group Cl or sIFNtR* group E), cuglycemic NOD mice 
wen? killed and individual spleens collected. Splenic lymphoid cells were cultured for 48 h at 37 C in 51. CO* in the presence or absence of LPS 
(10 ng) or Con A (4 pg). IL-6 wbr meamired by ELISA. For FtatiKtical analyaiR, each group wa? compared to Rroup B. Data ore shown AS the 
mean ± 3D. 



treatment received in vivo, as a reduced incidence of diabetes 
had also occurred in newborn NOD mice preinjected with 
spleen celts from FBS-treated NOD mice (four of seven). 

Immunogenicity of $IFNyK XMG IX and AN-28: upon prth 
bnged treatment:, tnti-lFNy mAbs, but not slFNyR, induce an- 
tibody production in NOD mice. As shown, in Fig. 4, a signif- 
icant increase in the blood titers of murine IgG directed 
Against XMG 1.2 and AN -18 was noticed in the NOD mice 
thai received these mAbs- This increase first became appre- 
ciable after 3 weeks of treatment and was maxima! at 6 and 
7 weeks when it reached a plateau that was maintained until 
the end of the treatment. Interestingly, measurement of the 
levels of unbound XMG1 .2 in the circulation of the NOD mice 
treated with this mAb revealed a progressive decline of un- 
bound mAb that well paralleled the development of anti-rat 
IgG Csee Fig. 5). 

In contrast, NOD mice treated with sIFN-yR showed only 
a slight elevation of specific Ig antibody that even though 
more pronounced at 5 and 6 weeks, was not statistically 
significant (Fig. 4). 

Discussion 

We demonstrated for the first time the efficacy of prolonged 
prophylactic treatment with slFNyR in the prevention of 
histological and clinical .signs of autoimmune diabctogenesis 
in NOD mice. Girtical pathogenic, and immunopharmaco- 
logical considerations worthy of attention may be drawn from 
our study. 

The lack of immunogenic! ty of slFNyR may have great 



relevance for the potential use ot this IfNy inhibitor in the 
management of human EDDM and possibly other autoim- 
mune conditions. The biological relevance of antixenotypic 
antibody formation and its interference with anticytokine 
antibody therapy is emphasized by a recent study in which 
a rat antimouse EL-6 mAb is only effective m preventing 
SLE-like syndrome in (NZBxNZW)Fl mice if formation of 
antirat IgG by the mice is suppressed with a short course of 
toterteing anti-CD4 mAb (32). In our study, although murine 
IgG directed against the two mAbs were produced from the 
mice treated for 8 weeks with either XMG ) .2 or AN-18, both 
of these mAbs protected NOD mice from diabetes develop- 
ment with a degree of protection comparable to that ob- 
served with the nevnimmunogenic slFNyR- This is probably 
due to the fact that a substantial increase in murine IgG 
directed against the two mAbs was first detectable in NOD 
mice 3 weeks after the first injection, a period within which 
endogenous IFNy may have been sufficiently antagonized 
by the mAbs so as to afford temporary blockade of disease 
progression and delay its onset. On the other hand, not even 
by slFNyR treatment would complete and long lasting neu- 
tralization of endogenous IFNy be accomplished, because 
although it is not immunogenic, the short half-lire it pos- 
sesses (1 h after ip injection) (14) rapidly reduces its circu- 
lating levels and bioavailability. 

Unexpectedly, when used in the CY-induced form of di- 
abetes, slFNyR offered only a slight and not significant pre- 
ventive action, which contrasts with the clear-cut efficacy of 
anti-IFNy mAbs, previously demonstrated by two indepen- 
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Fie 4. Formatknj of murine IgG anti-XMC 1.2 and AN-18 mAbs in NOD mice. Sixteen- week --ol d NOD mice were bled before and weekly after 
beginning the treatment with PBS (FX XMG 1.2 (H) or AN-18 (I) anti-IFNymAb, or sIFNyR (J), and the production of antibody directed against 
cither of the two mAta or glFNvR was assessed by solid phase ELISA. Data are representative of wren znxce per group. One to 109 diluted 
sera are shown. Each group is compared to the pretreatment value, a, P < 0.001; b, P < 0 005; c, P < 0 003: d. P < 0.01; e, P <: 0,03. SDs are 
within 60%, with a 32% mean vahie. 



FIG- 5. Levels of unbound XMGl.2 
mAb in NOD mice. Sixteen-week-old 
NOD mice were bled weekly after be- 
ginning treatment with XMG 1,2 aoti- 
IFN? mAb. and the levels of unbound 
concentrations of mAb antibody were 
assessed by EUSA. Data are shown as 
the mean ± so. 




dent studies (4, 5) and presently confirmed. The reason for 
this is not known. A& previously mentioned, the possibility 
cannot be ruled out that sIFNyR has, in fact prevented CY* 
induced diabetes, but the smaller size of the experimental 
groups vs. the number of PBS-treated control mice may have 
blunted statistical significance. Further Studies are required 



to test this hypothesis with larger numbers of mice and 
possibly higher doses of sIFNyR. Nonetheless, the higher 
efficacy of the anti-CFNy mAbs over the sIFNyR in CY-tn- 
duced diabetes could be be due to the peculiar pathophys- 
iology of diabetes in this model and the biological and phar- 
macokinetic properties of the different specific IFN7 



Downloaded from endo.endojoumais.org on September 13. 2005 



PAGE 27/37 ' RCVD AT 9/14/2005 2:33:03 PM [Eastern Daylight rime] 1 SVR:USPT0-EFXRF-6/25 * DNIS:2738300 1 CSID:71 835f86 15* DURATION (miMS):16-04 



09/14/2005 14:26 7183578615 



LAW OFFICE OF ALBERT 



PAGE 28/37 



5574 



EFFECTS OF sIFNyR ON DEVELOPMENT OF IDDM 



inhibitors used. Thus, the e*uherant production of endoge- 
nous IFN<y known to be triggered by CY challenge (4) may 
have been sufficiently Ur^p m supersede the neutralizing 
capacity of sIFNtR, which may, in turn, have been mini- 
mized by its short persistency* in the btood. On the other 
hand these experimental conditions may have optimized the 
action of anti-IFN* mAbs for both their long half-life (10-15 
days) and the short frame time considered (15 days), within 
which, as inferred from the data obtained from the sponta- 
neous model, neutralizing antibodies may have only mini- 
mally interfered with their action. 

Although the development of insulitis could only be pre- 
vented in a clear-cut fashion when specific TFNy inhibitors 
were administered early in the course of the disease, both 
sIFNyR and the anti-IFNy mAbs successfully inhibited 
IDDM development in those NOD mice treated late during 
the prediabetic period and which exhibited a prevalence and 
extent of insulitis comparable to that of control mice. Al- 
though a discrepancy between histological and clinical pro- 
cesses was previously observed in NOD mice with other 
immunotherapeutical approaches (20, 33), this finding un- 
derscores the essential role of IFNy in both the afferent and 
efferent phases of IDDM and shows that the entire diabeto- 
genic process may be prevented if the cytokine is blocked 
early during disease development. However, the finding that 
specific TFNy inhibitors can prevent IDDM development 
even when they are first administered at a late stage of the 
disease and in the presence of active insulitis can be impor- 
tant for the clinical setting, where prophylactic interventions 
can only be performed in those subjects exhibiting metabolic 
and. immunological signs presumably associated with ac- 
tively ongoing disease. 

That anti-IFN? mAbs were ineffective on the insulitis pro- 
cess in the CY model of diabetes contrasts with other studies 
in which the anU-IFNy mAb (RA-642) drastically reduces the 
extent of insulitis in CY-treated NOD/Whei mice (4) and also 
prevents insulitis development in the adoptive transfer 
model of diabetes in NOD mice (5). Although the different 
experimental conditions used in this latter mode! make it 
difficult to compare the data, the histological discrepancy 
with the study by Campbell el at (4) may depend on the 
different colonies of NOD mice, because at 100-120 days of 
age, the NOD/ Lt mice we used exhibit a more severe insulitis 
than the NOD / Whei mice used by Campbel et cd. (34). Thus, 
the capacity of anti-IFNy mAb to successfully reduce insulitis 
in CY-challenged NOD/Whei mice may have been favored 
by the less advanced, and possibly reversible, phase of 0-cell 
destruction occurring in this colony of NOD mice compared 
to the Ltcounterpart On the other hand, the inability of IFN-y 
inhibitors to reduce the development of insulitis when ad- 
ministered under a late prophylactic regimen accords with a 
study from Jacob et in which the DB-1 anti-fFNy mAb 
administered for 8 consecutive weeks to 7- to 8-week-old 
female NOD mice did not affect the progression of insulitis 
in these mice (35). Taken together, these results show variable 
effects of IFNy inhibitors cm the insuliuc process in the NOD 
mouse, which may depend on the NOD colony considered, 
the potency and immunogenic! ty of the IFNy inhibitor, and 
the ages of the mice when the treatment is started. 

The recurrence of diabetes after treatment withdrawal and 



Eodn * 1990 
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the inability of spleen ceDs from either anii-IFNy- orsIFNyK- 
treated animals to protect syngeneic recipients from IDDM 
development both indicate that blockage of endogenous 
TFNy neither eliminated autoreactive effectors nor induced 
suppressor cells, in contrast in ex vivo conditions, SLC from 
the NOD mice that received either anti-IFNy mAb or, in 
particular, sIFNyR produced less IL-2 and more 1L-6 than 
SLC from control mice, suggesting a modulatory action of 
IFNy inhibitors on the cytokine network. This action may 
have contributed to the beneficial effects, because IL-2 is 
pathogenically involved in IDDM in NOD mice (36), The 
possible significance of the up-regulated production of IL-6 
is less cJear, as this cytokine itself has been incriminated as 
a possible mediator of J5<el I destruction (2, 4)i However, IL-6 
has been shown to exert powerful antiinflammatory prop- 
erties both in vitro (37) and in vivo (38), and these latter effects 
could have prevailed under the experimental conditions con- 
sidered. .Interestingly, if the modulation of IL-2 and IL-6 
production contributed to the antidiabetogenic action of the 
IFNy inhibitors, the greater immunomodulatory effect of 
sIFNyR over XMG 1.2 mAb would then accord with the 
better histological protection offered by the sEFNyFL Al- 
though the reason for the greater efficiency of sIFNyR over 
XMG1J2 mAb is not known, the progressive reduction of the 
unbound levels of XMG1-2 observed in NOD mice upon 
prolonged treatment anticipates that this effect could depend 
on a better neutralization of endogenous IFNy by sIFNyR 
during the last periods of the in vivo study. 

The possibility of preventing spontaneous IDDM in NOD 
mice with sIFNyR may be important in the clinical setting, 
as the complementary DNA encoding the extracellular do- 
main of the receptor was engineered and expressed in both 
Escherichia coli and the insect /baculovirus cell system as a 
soluble form of the receptor (39), At present, if these data may 
somehow mirror the impact of sIFNyR therapy in human 
IDDM some points can be anticipated to warrant particular 
attention, including the above-mentioned reversibility of the 
antidiabetogenic action and the short half-life of this mole- 
cule. Certainly, the continuous and possibly life-long treat- 
ment with specific IFNy inhibitors may not be clinically 
feasible, and therapeutic approaches based on short courses 
of treatment with multiple agents, including other proin- 
flammatory cytokine inhfoitors (sTNF-R, sIL-lR, and IL-1 
receptor antagonist), antiinflammatory cytokines (IL-10, IL- 
13, and TGF/3), or subtherapeutic doses of cyclosporin A 
should be considered. Moreover, we have previously un- 
derlined how the disadvantage of stFNyR over anti-IFNy 
mAb therapy is the shorter halMife of the former. In the 
murine system we have overcome this problem by generat- 
ing one mlFNyR-Ig fusion protein that is not immunogenic, 
possesses a 40 times longer half-life than sIFNyR, and is 
biologically active in vivo in the model of low dose strepto- 
zocin-induced diabetes (40). Along this line of reasoning, 
similar approaches could be used to generate human 
IFN'yR-Ig fusion proteins. 
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